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Description 

Technical Field 

This invention relates to a process for producing a 
freeze-dried preparation of a virus vector for gene ther- 
apy which is excellent in safety and storage stability and 
a gene transfer preparation obtained by this process. 

PacKqrovffKl art 

Owing to the rapid progress in genetic engineering, 
there have been developed various molecular biological 
processes. With these developments, techniques for 
analyzing genetic information and gene functions have 
been remarkably advanced. As a result, a number of 
attempts have been made to feed back the results thus 
achieved into actual clinical treatments. One of the most 
remarkatsie advances has been achieved in the field of 
gene therapy. That is to say. there have been success- 
fully identified and decoded genes causative of various 
hereditary diseases. On the other hand, techniques 
have been established for physically or chemically 
transferring these genes into cells. Accordingly, gene 
therapy has already completed the stage of fundamen- 
tal experiments and thus reached the stage of clinical 
application. 

Since the first clinical test on gene therapy was per- 
formed in 1989 in the United States, gene therapy has 
been already applied to clinical tests in Italy, the Nether- 
lands, France. England and China. In the United States, 
In particular, the Recombinant DNA Committee (RAC) 
of NIH has approved 54 gene therapy protocols by July 
1994 and. therefore, attempts have been made to apply 
gene therapy to the treatment of hereditary diseases 
such as congenial immunological deficiency (adenosine 
deaminase deficiency), familial hypercholesterolemia 
and cystic fibrosis and various types of cancer such as 
malignant melanoma and glioma. Moreover, a number 
of fundamental studies on the gene therapy for AIDS 
have been made in recent years. 

Gene therapy is classified into germline cell gene 
therapy and somatic cell gene therapy depending on the 
type of the target cells to which genes are to be trans- 
ferred. From another point of view, it is classified into 
augmentation gene therapy wherein a new (normal) 
gene is added wtiiie leaving the abnormal (causative) 
gene as such and replacement gene therapy wherein 
the abnormal gene is replaced by the normal one. At the 
present stage, the augmentation gene therapy on 
somatic cells is exclusively effected due to ethical and 
technical restrictions. A gene therapy process per- 
formed today comprises taking out the target cells from 
the body and. after the completion of the gene transfer, 
putting the cells back into the body again through self- 
transplantation (i.e., ex vivo gene therapy). Further, it is 
now under consideration to administer genes directly to 
patients in future (i.e., in vivo gene therapy). 



One of the large protslems in the clinical application 
of gene therapy is how to safely and efficiently introduce 
a foreign gene into the target cells. Although it was tried 
to employ physical procedures such as microinjection 

5 early in the 1 980's, only a poor transfer efficiency could 
be established and genes could not be transferred in a 
stable state thereby Furthermore, the limited tech- 
niques for cell incubation on a mass scale In those days 
made it impossible to put such attempts into practical 

10 use. Subsequently, there were developed recombinant 
viruses (virus vectors) for efficiently transferring foreign 
genes into target cells, which made it possible for the 
first time to apply the gene therapy to clinical purposes. 
There are several types of virus vectors as will be 

IS described hereinbelow. The virus vectors most fre- 
quently employed in the gene therapy today are retrovi- 
rus vectors originating in moloney murine leukemia 
virus (MoMLV). That is to say, genes are transferred by 
taking advantage in the propagation manner of this 

20 virus. A retrovirus is an RNA virus having an envelope 
which invades into cells through the bond of the enve- 
lope protein to the receptor in the host cell side. After 
the invasion, the single-stranded virus RNA is converted 
into a double-stranded DNA via a reverse transcriptase 

25 and thus integrated into the genomic DNA of the 
infected cells in a stable state, though at random. How- 
ever, the integration cannot be comprfeted unless the 
cells are dividing and proliferating [Miller D.G.. et al.. 
Molecular and Cellular Biology, Ifi (8), 4239 (1990)]. 

30 The retrovirus gene thus integrated is called a provirus. 
From this provirus, RNA is transcribed and thus viral 
proteins are synthesized. Then new viral particles are 
formed from these proteins and the virus RNA. In a ret- 
rovirus vector, the retrovirus gene in the above-men- 

35 tioned case recombines with a foreign gene [Miller A.D.. 
Current Topics in Microbiology and Immunology, 158. 1 
(1992)]. On the MoMLV vector, a number of studies 
have been carried out hitherto and many improvements 
have tieen achieved on the safety thereof. As a result, 

40 no serious trouble has occurred so far. With respect to 
the MoMLV vector, however, it is known that the gene is 
integrated into the genomic ONA of the target cells at 
random and the long terminal repeat (hereinafter 
referred to simply as LTR) sustains the promotion activ- 

45 ity for expressing the gene. Therefore, it cannot be 
denied that the random integration of the foreign gene 
might happen to activate an oncogen existing therea- 
round by chance so as to cause carcinogenesis in the 
target cells, though there has never been reported such 

50 a case so far. Thus, it has been urgently required to 
develop vectors with improved safety. From a practical 
viewpoint the most serious problem regarding the 
MoMLV vector resides in that a gene cannot be trans- 
ferred thereby into cells which are not under division. 

55 This fact makes gene repair in neuroblasts impossible in 
a number of congenital metatx>lic errors. Moreover, 
hematopoietic stem cells, liver cells, muscle cells, etc. to 
be treated by gene therapy are usually on the stationary 
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Stage in most cases and thus a gene can be transferred 
thereinto only at a low efficiency. Although cells taken 
off from the body are subjected to treatments for pro- 
moting division so as to elevate the gene transfer effi- 
ciency, it is seemingly difficult to transfer a gene into the s 
alxjve-mentioned cells m vivo. Therefore, it is required 
to develop vectors ensuring effident gene transfer into 
cells not being under division too in future. 

Although herpes virus vectors are expected as 
being usable in the transfer of a foreign gene Into neu- 
roblasts [Palella. TD.. et al., Mol. Cell. BioL. & 457. 
(1988)}, the potent cytotoxicity and large genomic size 
(ISO Kb) disturb the development thereof. 

HIV vectors have been developed as vectors which 
enable specific gene transfer into CD4-po6itive T lyrn> 
phocytes owing to 'the host characteristics of the virus 
per se [Shimada, T., et al., J. Clin. Invest. §8. 1043 
(1991)]. Since lymphocytes serve as important target 
cells in gene therapy for congenital immunological defi- 
ciency, AIDS, cancer, etc.. expections are placed on the 
usefulness of the HIV vectors. The largest disadvantage 
of the HIV vectors resides in that they might be contam- 
inated with wild strains. If this problem could be solved, 
the HIV vectors might be enployed In gene therapy in 
vivo via intravascular administration. 

Further, adenovirus vectors have attracted public 
attention, since they enat^le gene transfer into cells 
which are not under division and can be easily concen- 
trated to a level of about 10^^. Recent studies indicate 
that genes can be transferred in vivo at a high ratio into 
airway epithelial cells, liver cells, muscular ceils, etc. by 
using these adenovirus vectors [Lavrero, LD.. et. al., 
Hum. Gene Therapy, L 241 (1990); Quantin. B.. Proc. 
Natl. Acad. Sci. U.S.A., S2, 2581 (1992)]. On the other 
hand, such an adenovirus vector essentially has a char- 
acteristic that a foreign gene is not integrated into the 
genomic DNA of the target cells. After treating the target 
cells with the vector, therefore, the effects of the gene 
transfer can be sustained only for several weeks or sev- 
eral months at the longest Accordingly, it is required to 
repeat the gene transfer, which brings about some prob- 
lems such as increased physical and mental stress for 
the patient, a decrease in the gene transfer efficiency 
due to the appearance of anti-adenovirus antibody, etc. 
In addition, clinical attempts have been already initiated 
to administer an adenovirus vector with a bronchoscope 
for treating cystic fi>rosis. However, it is reported that 
inflammatory responses arise in these cases due to the 
immunogenicfty and cytotoxicity of the adenoviral parti- 
cles. 

In contrast, adeno-associated virus (AAV) vectors 
are characterized in that a foreign gene is integrated 
into the genomic ONA of the target cells and the vectors 
have neither any pathogenicity nor cytotoxicity [Muzyc- 
zka. N.. Currnet Topics in Microbiology and Immunol- 
ogy, isa 97 (1992)], Moreover, the ITR (inverted 
terminal repeat) thereof, which is needed in packaging 
viral particles and gene integration into genomic ONA. 



has no promoting activity for gene expression. Thus, the 
gene expression can be arbitrarily switched on/off by 
setting an appropriate inner promoter or a tissue-spe- 
cific promoter can be employed. In the case of the AAV 
vectors, use can be made of hosts over a wide range, 
which makes these vectors applicable to various target 
cells/diseases. Owing to thes characteristics, the AAV 
vectors are expected as novel virus vectors, i.e., a sub- 
stitute for the MoMLV vectors. It is also found that AAV 
of wild type is integrated into a definite site in the 19th 
chromosome [Suwadogo. M, and Boeder, R.G.. Pre. 
Natl. Acad. Sci. U.S.A. S2, 4394 (1985)]. Thus AAV vec- 
tors attract public attention as vectors capable of target- 
ing the gene integration site. 

However, any manufecturing pharmaceutical dis- 
cussion has been made on none of these virus vectors 
in order to storage them in a stable state and maintain 
the uniformity thereof. Although virus vectors are stored 
in a frozen state today, the storage period is limited and 
it is observed that the virus vectors suffer from a 
decrease in titer with the passage of time. In practical 
clinical studies, it is therefore needed to prepare a vec- 
tor in each test and examine the decrease in the gene 
transfer efficiency during the storage prior to the treat- 
ment Since such examinations comprise complicated 
procedures and take a considerak)ly long time, it has 
been strongly required to establish a method for supply- 
ing stabilized virus vectors having improved and uniform 
performance. 

It was attempted to freeze-dry MoMLV vectors by 
using gelatin as a stabilizer (Kotani. H., et al.. Human 
Gene Therapy, & 19 (1994)]. Since gelatin usually orig- 
inates in animals such as swine, it might serve as an 
immunogen at a high possibility when administered in 
vivo. Thus, the akxjve method cannot be always referred 
to as a safe one. 

In clinical studies on gene therapy performed today, 
detailed examinations are made on the type of vectors 
and the pharmacological effects of genes for therapeu- 
tic use. Because they are preparations for gene therapy, 
virus vectors should be supplied safely so as to ensure 
a uniform performance. Namely, it is essentially 
required to establish a process for storing these vectors 
in a stat}ie state. However, few studies have been made 
in this f iekJ. 

Disclosure of the Invention 

The present inventors have conducted extensive 
studies to solve the above-mentioned problems. As a 
result, they have successfully established a technique 
for stably supplying virus vectors having high safety and 
uniform performance, i.e., a technique for storing virus 
vectors in a stable state, thus making it possible to 
freeze-dry various virus vectors without lowering the 
gene transfer efficiency. 

It is known that several types of viruses would not 
lose their infectivity even after freeze-drying. In such a 
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case, it has been a practice to add gelatin and saccha- 
rides thereto. On the other hand, attempts have been 
afso made to freeze-dry virus vectors similar to these 
viruses, in these cases, gelatin and saccharides are 
added too. However, it cannot always be considered as 
a safe method, since there arises a fear that these addi- 
tives might serve as an immunogen at a high possibility 
when administered in vivo. 

Under these circumstances, it has been attempted 
in the present invention to develop a freeze<lrying 
method whereby a high gene transfer effidency can be 
sustained not by using gelatin, etc. which might serve 
as an immunogen but by using exclusively low-molecu- 
lar-weight substances which have been already 
employed as pharmaceutical additives. 

Accordingly, the present invention provides a proc- 
ess for producing a gene transfer preparation which 
conprlses adding one or more additives selected from 
among arginine, glutamic acid or its sodium salt, serine, 
glucose, inositol, lactose, mannitol, sorbitol, trehalose 
and xylose to a recombinant virus vector followed by 
freeze-drying. 

The present invention further provides a gene 
transfer preparation produced by the above-mentioned 
process. 

Brief Description of the Drawings 

Fig. 1 is a graph which shows gene transfer efficien- 
cies achieved by adding various additives each at a con- 
centration of 5%. 

Rg. 2 is a graph which shows gene transfer efficien- 
cies achieved by adding various additives each at con- 
centrations of 2.5% and 5%. 

Rg. 3 is a graph which shows gene transfer efficien- 
cies achieved by adding combinations of two additives 
each at a concentration of 2.5%. 

Best Mode for CanryinQ Out the Invention 

Tlhe virus vector to be used in the present Invention 
may be an arbitrary one usaksle In gene therapy selected 
from anrtong. for example, the atsove-mentioned molo- 
ney murine leukemia virus (MoMLV) vectors, herpes 
virus vectors, adenovirus vectors, adeno-assodated 
virus vectors and human immunod^idency virus (HIV) 
vectors. Such a vector is dissolved in a medium such as 
DM EM medium or PBS to thereby give a virus vector 
stock solution. The virus vector stock solution may have 
an arbitrary corKentratton. 

The process of tiie present invention can be 
achieved by adding additive(s) to the above-mentioned 
virus vector stock solution and freeze-drying the same. 
It is preferable that the additives to be used in the 
present invention are less immunogenic substances 
such as low-molecular-wetght amino adds, derivatives 
thereof, saccharkles and derivatives thereof. 

Preferable examples of the amino adds and deriva- 



tives thereof indude arginine, glutamic add or its 
sodium salt arxl serine. Annong all, glutamic add or its 
sodium salt is particularly preferable therefor. 

Preferakjie examples of the saccharides and der iva- 

5 tives thereof indude glucose, inositol, lactose, mannitol. 
sorbitol, trehalose and xylose. Among all. glucose is tiie 
rTx>st desirable example thereof. 

One or more sut^stances selected from these 
amino acids and saccharides may be freely combined 

10 and employed as the additive(s) depending on the type 
of the virus vector employed, the concentration of the 
virus vector stock solution, etc. Selection can be made 
of a comt^nation of an amino add with another amino 
add. a saccharide with another saccharide, or an amino 

IS add with a saccharide. Among all. the combination of 
sodium glutamate witii glucose Is the most desirable 
one. since a high gene transfer efficiency (virus vector 
titer) can be maintained tiiereby 

Each additive selected from amino acids and sac- 

20 charides is used at a weight ratio to the vector solution 
of from alx3ut 1% to about 10%. preferably from about 
1 .5% to atjout 7% arxj still preferably from about 1 .5% to 
about 5%. 

The solution may further contain ascorbic acid, pol- 

25 yethylene glycol, polyvinylpyrrolidone, polyvinyl alcohol, 
preservatives, etc. Since it is preferable tiiat the virus 
vector solution is isotonic, the osmotic pressure of the 
solution can be controlled by adding a buffer thereto. 
The thus obtained virus vector solution containing 

30 various additives is freeze-dried. Freeze-drying can be 
performed by a publicly known method. For example, 
the virus vector solution is frozen with liquid nitrogen 
and tiien treated with a freeze-dryer (manufactured by 
Rnaqua). The freeze-dried gene transfer preparation 

35 was then packed in vials and stored preferatsly at low 
temperatures till using. The gene transfer preparation of 
the present invention can be reconstituted with water 
before using. As will be shown in the Examples herein- 
after, the virus vector reconstituted with water sustained 

40 a high gene transfer efficiency. 

The present invention makes it possible to obtain a 
gene transfer preparation sustaining a high gene trans- 
fer efficiency by using not any ingredient likely to serve 
as an immunogen (gelatin, etc.) txit exclusively low- 

45 molecular-weight sut>stances which have been already 
employed as pharmaceutical additives. The gene trans- 
fer preparation of the present invention can be easily 
stored and sustains a high titer. Therefore, it is usable in 
every virus vector preparation and has a very broad 

so application range. 

Examples 

To further illustrate the present invention in greater 
55 detail, and not by way of limitation, the following Exam- 
ples will be given. 
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Example 1 : Preparation of recombinant MoMLV vector 

A cell culture dish (9 cm in diameter) was tnocu- 
lated with PA3l7/p-19 (provided by Prof. Shimada, Nip- 
pon Medical School) capable of producing a 
recombinant MoMLV vector containing neomycin resist- 
ance gene. Then these cells were Incubated In DMEM 
medium (manufactured by Gitxx)) containing 10% of. 
fetal calf serum (manufactured by Gibco) under usual 
conditions (37*C. 5% CO2) up to about 80% confluence. 
Subsequently, the medium was replaced and. 12 hours 
thereafter, the medium containing the recomk)inant 
MoMLV vector was recovered and refenred to as the 
virus vector stock solution. 

Example 2: Preparation and freeze-drying of recom- 
binant MoMLV vector solution 

To the virus vector stock solution obtained in Exam- 
ple 1 were added the amino adds, saccharides or com- 
binations thereof as given in Figs. 1 to 3 in such a 
manner as to. give a final concentration of 5% or 2.5%. 
After freezing with liquid nitrogen, each sample was 
freeze-dried with a freeze-dryer (manufeictured by 
Rnaqua) over day and night. The freeze-dried product 
thus obtained was stored at -40^*0 till using. As a con- 
trol, an additive-free sample was also prepared. Each 
additive was a product manufactured by Wako Pure 
Chemical Industries. Ltd. 

Example 3: Method for determining the titer (gene trans- 
fer efficiency) of recombinant MoMLV vector 

A cell culture dish (6 cm in diameter) was inocu- 
lated with 3T3 cells (manufactured by Dainippon Phar- 
maceutical Co.. Ltd.). These cells were incut>ated in 
DMEM medium (manufactured by Gibco) containing 
10% of fetal calf serum (manufactured by Gibco) under 
usual conditions (ZTC, 5% CO2) up to 80% confluence 
and then employed in the determination of the titer. 

Distilled water for injection (manufactured by 
Otsuka Pharmaceutical Ca. Ltd.) was added to each of 
the freeze-dried products obtained in Example 2 to 
thereby prepare a re-suspension of the vector having 
the same volume as the one before freeze-drying. 10 |il 
of this re-suspenston of the vector was mixed with 990 
^l of DMEM containing 10% of fetal calf serum to 
thereby give a vector solution for titer determination. 
From the 3T3 cells incut^ted up to 80% confluence, the 
medium was eliminated and 1 .000 pi of the vector solu- 
tion for titer determination was added thereto. After 
incut)ating the cells under the usual conditions for 4 
hours, 3 ml of DMEM containing 10% of fetal calf serum 
was added thereto and the incubation was continued for 
additional 24 hours. Sut>sequentiy, the cells were incu- 
bated in DMEM containing 10% of fetal calf serum con- 
taining 800 jig/ml of G418 (manufactured by Gibco). i.e.. 
an analog of neomycin. The number of the drug-resist- 



ant colonies thus formed was referred to as the titer 
(cfu/ml). 

Example 4: Determination of the titer of recombinant 
5 MoMLV vector 

Fig. 1 shows the results ot>tained by using various 
additives each at a concentration of 5%. Thus, it is 
revealed that glucose, sodium glutamate. mannitol and 

10 trehalose achieved high titers. Rgs. 2 and 3 show the 
results obtained by adding these additives each at a 
concentration of 2.5% and using combinations of two 
additives. These results indicate that a freeze-dried 
virus vector preparation with a high titer can be obtained 

IS by using sodium glutamate with glucose. 

Claims 

1 . A process for producing a gene transfer preparation 
20 which comprises adding^ one or more additives 

selected from among arginine. glutamic acid or its 
sodium salt, serine, glucose, inositol, lactose, man- 
nitol. sorbitol, trehalose and xylose to a recom- 
binant virus vector followed by freeze-drying. 

25 

2. A process as claimed in Claim 1. wherein each 
additive is used at a weight ratio to the vector solu- 
tion of from about 1% to about 10%. 

30 3. A process as claimed in Claim 1 . wherein said addi- 
tive Is a combination of glutamic acid or its sodium 
salt with glucose. 

4. A gene transfer preparation produced t}y a process 
35 as claimed in Claim 1 . 
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Fig- 3 












in 




dP 


in 










« 


m 


CM 




• 


CM 














se 




0) 


o 


Q) 


0 


O 


to + 




Ul + 




u 


o 


•H 


O 


m 




o 


C 


O 


x: 


c 




c 




0) 


o 




Id 






o 


CP 


£ 




4J 



dP 

in 



dP 
in 



o 

AJ + 

c 
c 



CO 

o 
f-l 

AJ 



dP 




dP 


CO 




to 


• 

CM 




CM 


0) 




Q) 


4J 












£ 




£ 




dP 






in 












CM 












(U 






to 


e 




o 


:i 




L> 


•H 








O 




o 


(0 




(0 



dP 

in 



0) 







dP 


dP 


£ 


in 


in 




• 






CM 


CM 










Q} 


»H 




CO 


o 




O 














C 










cu 




• o 


u 


£ 


CO 


4J 



8 



EP0 872 249 A1 



INTERNATIONAL SEARCH REPORT 



fatexoatiooal applicatioo No. 

PCT/JP96/00652 



A CLASSIFICATION OF SUBJECT MATTER 

Int. Cl^ A61K48/00 , 9/14, 31/70, 35/76, 47/10, 47/18, 47/26 // 
C12N7/01, 15/68, 15/86 
Acxxirding to Interaational Patent Qaasification (iPC) or to both national dastificatton and IPC 



B. FIELDS SEARCHED 



Miaiffiuffl documeautiofl aeaicfacd (dassincaiion system fottowed by dissiftcaiioo symbols) 

Int. Cr5 A61K48/00, 9/14, 31/70, 35/76, 47/10, 47/18, 47/26, 
C12N7/01, 15/68, 15/86 



Documeoutioo searched other than mioimum documeautioB to the exteot that sudi documeau are todudcd io the fields searched 



Electronic dau base co»ulted dufiag the ioteraattonal aearcfa (name of dau base and, where practicable, search terns used) 
CAS ONLINE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indi cation, where appropriate, of the relevant passages 



Rdevani to cUim No. 



By Tomonokai of National Institute of Health 
"Rev. ed. 2 Experimental Virology General 
Description" (1973), Maruzen, p. 53-59, 
Section of "5*2 Freeze-dry ing" 

WO, 95/19427, A (Genetic Therapy Inc.), 
July 20, 1995 (20. 07. 95) (Family: none) 

Chemical Abstracts, Vol. 121 (1994) 

Abstract No. 223170 (Human Gene Therapy, Vol. 5 

NO. 1 (1994), p. 19-28, (H. Kotani et al.). 



1-4 



1-4 



1-4 



Further documems SIC listed in the oontinualioa of Box C See patent family annex. 



• Special caKgorica of dted dooammu: 
-A" docvmeotMsiagtbeeeaefalsntBof theanwhiebiaaM 

to be of partiCTilaf rdevaaoa 
"E** earlier dooiuDcaibaipsUtshedoo or after the iato«atiooalfUia« data 
**L~ &tmtmrm wUcb aisr ibranr doobis od pvioriiy data^s) or wfcieh b 

cited to TtnW'**r the paMiortioa data of aoMber citatioa or other 

special icMOQ (aa apecdied) 
-Q- if^T^** refemof to aa oral diactoam aaa, eih i h i ltnn or other 



liter il ftm i nTi i* nuMtihrd %ft'r1b^ iiitegMtiaMl fiiiag date i 
data aad aoi la ooofikt with the appUatioo but eUed to a 
the priadple or theory aoderiyiot the iaveotioa 
dooaeat of pafitmliT nlevaaae; the claimed ii 



T" doGBmempabliated prior ID the iateroatioulflUag date bBt later lhaa 
the priofiijr date c* ' 



*Y* docameat of panicuUr relevmooe; the dasmed lowcodea 
con ai dcrtd lo iavoiwe so ioveative step vbea the^^^ 
comtaiaed with oaa or aaote other attch docame 
beiacobvton » a peiaea aktUed ia the art 

mber of the aama paicsi Ctouly 



Dale of the actual oompletioo of the iatemacioiul seaicfa 
June 6, 1996 (06, 06, 96) 



Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 



Date of isailiog of the intenutiotul search report 

June 18, 1996 (18. 06. 96) 



Authorized ofGcer 



Tdephoixe No. 



Ford PCT/ISA/210 (second sheet) (July 1992) 



9 



